The advent of social web has transformed users from sheer consumers to ardent producers of information. The rapid growth coupled with the reliance on the internet for information ranging from e-commerce, e-government and social networks has led to infobesity. Recommender Systems have become essential tool to aid users to overcome the problem of information overload and provide personalized relevant suggestions. The use of Recommender Systems have been successful in both industry and academia. Recommender systems have also found their way into the Healthcare domain with varied applications.Despite the growing practical demand, a few challenges are hindering the adoption ofRecommender Systems in the Healthcare.The purpose of this study is to understand the trend of Recommender Systems applications inHealthcareby examining the published literature, and to provide practitioners and researchers with insight and future direction.We conducted a focused literature review to identify research papers on Recommender Systems in the Healthcare in the last ten years. The key findings of this survey is that the application of Recommender Systems inHealthcare is evolving. The incorporation of contextual information is limited although it has been suggested as a key ingredient to improving the quality of the recommendations and the accuracy of the predications.It is important to point out that aside from the common filtering problems of sparsity, cold start and scalability, a socio-technical issue of privacy, security and trust is emerging.Collaborative Filtering technique is predominantly in use in Healthcare Recommender Systems. Incorporation of contextual information is limited.Privacy, security and trust concerns may hinder the widespread use and acceptance of the Healthcare Recommender Systems.
Introduction
The primary purpose of personalized recommendation service is to provide items, products or information tailored to individuals, satisfying their needs in a given context, based on knowledge of their preferences and behavior [1] .Recommender Systems have been touted as beneficial to service providers and users [2] . The main aim of ecommerce sites is to increase revenues, customer satisfaction and retention. For users, Recommender Systems lower the transaction costs of finding and selecting items, and generally improve decision quality [3] , [4] .
HealthcareRecommender Systems (HRS) is a specialization of a Recommender Systems as defined in [5] . In the context of a Healthcare recommender system, a recommendable item of interest is a piece of non-confidential, scientifically proven or at least generally accepted medical information, which in itself is not linked to an individual's medical history [6] .
Recommender Systems make recommendations using three fundamental steps: preferences acquisition from the user's input data, recommendation computation and recommendation presentation. Robin Burke [7] classified existing Recommender Systems into four fundamental categories namely content-based, collaborative, Knowledgebased and hybrid based filtering systems.
The different approaches used in providing recommendations suffer from various short comings namely data sparsity, scalability, cold-start and privacy concerns [1] , [8] . Research in the past decade has been focused to addressing these limitations arising from the various approaches and techniques in order to improve the quality recommendations and accuracy of the predictions.
In order to solve some problems of traditional recommender system, Context-Aware Recommender System (CARS) has attracted the attention of the academic [9] . In Recommender Systems context is usually playing the role of additional information besides users, items and the ratings which may be relevant at the current time to make a recommendation. Context-Aware recommender systems aim to generate more relevant suggestions by adapting them to the user's contextual situation. Context-Aware systems sense and adapt their behavior based on the changing contexts [10] , which generally consists of four basic components: Context Acquisition, Context Discovery, Context Model, and Context Processing [11] .
The aim of study is to understand the trend of recommender systems applications in Healthcare domain by examining the published literature, and to provide practitioners and researchers with insight and future direction on recommender systems in this area.The rest of this paper is organized as follows:In section 2 we describe our methodology in this research and present an overview of HealthcareRecommender Systems in section 3. This will be 
Methodology / Approach
An effective literature review should involve the leading literature as it is likely to cover the major contributions [12] . Accordingly, we searched in all Quality Information Systems Literature stated in [13] that were accessible from our academic environment and also from our digital library available through professional membership to Association of Computing Machinery (ACM) and IEEE computer Society.
In order not to miss any relevant documents, we preferred to perform a broad research and eliminate the irrelevant documents manually.
The Identification of relevant literature ( Fig. 1) involved search through the following electronic resources: The ACM Digital Library, IEEE Computer Society, JKUAT Resources and Google Scholar. We used the keywords of "Recommender Systems", "Health Recommender System" and "Healthcare Recommender System". Each time, we repeated the search also with the keyword "Health or Healthcare" to cover different writing styles and areas of interest. The initial refinement was made considering two criteria: publications within the last ten years (2006 -2016) and evaluating the quality of the journals using impact factor and citation rates. In total 61 papers were retrieved. Removing duplicates and refining by title basis reduced the number to 52 and to 25 papers by abstract-basis elimination.
In the next phase, 14 papers were found meeting the quality criteria: reliability of the source, integrity in the content and providing applicable studies. In the final phase, findings were synthesized and reported.
Figure 1: Review methodology
The search was implemented on all sources that were accessible through these electronic databases: Journals, conference proceedings, books, reference works, online reports and magazine articles.
Literature survey on Healthcare Recommender Systems (HRS)
The adoption of Information and Communication Technology in the Healthcare sector led to the concept of eHealth, computer based systems that stored information regarding diseases, diagnoses and different treatments. To provide personalized recommendation to patients, a recommender system must access the information stored in Personal Health Record Systems. It is critical to preserve the privacy of patients so as to maintain the user satisfaction and trust in the offered services.
Fernandez-Luque et al. [14] highlighted the application of recommender system in Healthcare to provide personalized health education. The study suggested the use of ComputerTailoring Health Education Systems (CTHES) and social networking to deliver content and also to harvest knowledge about the users and the content. They provided a comparison between CTHES and Recommender Systems applications due to lack of previous studies in the two fields and outlined the necessity for adoption of Recommender Systems to overcome the challenge of health information overload.
The limitations of Computer Tailored Health Communication (CTHC) systems and the advantages of incorporating Recommender Systems into CTHC and the challenges thereto were presented in [15] . They argue that CTHC has reached its natural limits although technological advances have enabled CTHC to be delivered on multiple platforms like websites, email, and mobile devices and to reach large populations.
There have been approaches to make recommendations considering the data stored in Electronic Health Record. López-Nores et al. presented a number of enhancements that enable Digital Television (DTV) Recommender Systems to exploit the synergies between healthcare and areas like entertainment, electronic commerce, and education [16] . The study raised privacy concerns regarding the storing of sensitive patients data in a remote sever noting that nothing stops server owners from exploiting this sensitive information. The main emphasis is on the privacy of the users and only recommends items delivered to all the TV viewers through the broadcast networks. While this limitation is acknowledged the lack of context of the TV viewers affects the quality of the recommendation and the accuracy of the prediction.
The work in [17] present research on integrating personal health data in Personal Health Record (PHR) into Recommender Systems. The approach exploits the existing semantic networks like Wikipedia to obtain a health graph data structure representing health related concepts which can be used to compute the semantic distances among the pairs of such concepts. A ranking procedure based on the health graph enables a match between entries of a PHR system and health information artifacts. The generated Health graphs are language specific.
A Health social network is an online information service which facilitates information sharing between closely related members of a community. Thus, a health social network provides emotional support by allowing patients to find others in similar health situations. This type of social network has shown great potential to empower patient self- Care Social Network, a collaborative virtual environment that aims health promotion to patients with physical disorders caused by genetic diseases [18] .
The recommendation based on social behaviors of users in online health communities was proposed by [19] to address the problem of recommendation using multiple relations with wide-ranging implicit ratings that are derived from social behavior. A recommender system for constructing nursing care plans for elderly people using correlations among nursing diagnoses, outcome and interventions [20] to provide clinical decision support, nursing education and clinical quality control. The study clearly acknowledges and suggests the need for incorporating contextual information into the recommendation process.
Reminiscence Therapy Enhanced Material Profiling in Alzheimers and other Dementias (REMPAD) system [21] profiles people with Alzheimer's and other dementias, and provides multimedia content tailored to a given group context. The recommendation approach uses group member preferences using case-based reasoning (CBR) combined with a content-based method recommending multimedia content for use in group reminiscence therapy for people with Alzheimer's and other dementias. While the approach suffers the limitations of the case-based reasoning and content-based approach and it further lacks the use of contextual information in group recommendations.
Other studies include predicting mental health from web usage behavior [22] , collaborative filtering-based Computer Tailored Health Communication(CTHC) to provide messages tailored to individual patients [23] , Health recommendation system to provide personalized nutrition advice [24] . Patient Experience Recommender System for Persuasive Communication Tailoring (PERSPeCT) was proposed, a system developed for use in a clinical trial of CTHC-based smoking cessation support interventions was proposed by [25] . The collaborative filtering based recommender system was to address the problem static, expert written rules in CTHC systems.
Context-Aware Healthcare Recommender Systems
The traditional two-dimensional Recommender Systems provide recommendations of items to users and vice versa without taking into consideration the circumstances and other contextual information recommendation take place. In order to solve some problems of traditional recommender system, Context-Aware Recommender System (CARS) has attracted the attention of the academic [9] . In context plays the role of additional information besides users, items and the ratings which may be relevant at the current time to make a recommendation.
Context-Aware Recommender system for the Elderly (CARE) presents a study that combines the functionality of a digital image frame with an active recommender mode [26] using data derived from personal user and incorporating contextual data collected with sensors integrated into the users' mobile phone. The recommendations are chosen on the basis of context information acquired by sensors embedded in the user's environment, and a well-being model to carefully decide on at which point in time what kind of activity is most suitable to suggest. The contextual information in this study is limited to time ((morning, forenoon, lunchtime, afternoon, evening, night),) and weather conditions (very Good, Good, Fair, Bad, very Bad). Activity-awareness for human-engaged wellness applications (ATHENA) and Knowledge Acquisition and Reasoning Engine (KARE) [27] is a platform designed to integrate relationship between the basic health primitives of the users and estimates their lifestyle to generate real-time recommendations for their wellbeing. Specifically the platform engine (KARE) recommends food, mental and physical therapy to the ATHENA users that are based on their personal preferences, historical physical, mental and social health information. While the study mentions Context-Aware recognizer, the contextual information is not explicitly mentioned.
Other related works includes a disease prediction model extending the collaborative filtering technique used in Recommender Systems was developed [28] using publicly available patients' social network data to predict correlation relationships in diseases and Health-aware Food Recommender System [29] . A semantic recommender system able to suggest doctors and hospitals that best fit a specific patient profile [30] . Others include aRecommender System for Medical Imaging Diagnostic [31] and Friend recommendation for healthy weight in social networks [32] . Table 1 provides a summary of the health Recommender Systems and their recommendation techniques. Although the need for context-based, individually tailored health information in personal health records is expressed [6] , [26] , [33] , Context-Aware Healthcare Recommender Systems has received little attention in health Recommender Systems literature. To enhance the reliability of the recommendations, the framework is said to be capable of protecting the users from dishonest users and physicians.
In [38] a middleware called personal gateway is proposed for cloud based Internet of Healthcare things that exposes sufficient amount of information while at the same time guarding against unauthorized access to users personal Health data.
Results and Discussion
There is increasing dependence on the internet for health related information on the internet. To address this demand, there is also an increase in the number of social network sites that provide healthcare information leading to information overload. The CTHC has been in existence for many years to address communications needs in Healthcare. Despite technological advances, CTHC is no longer able to meet the personalization and relevance requirements. One notable weakness of many existing CTHC systems is that they are based on expert-written rules and thus have no ability to learn from their users over time. The application of Recommender Systems in Healthcare has greatly overcome this problem.However, privacy, security and trust concerns are more pronounced in the healthcare due to the DoctorPatient confidentiality requirements. The Recommender Systems in Healthcare must therefore meet both the functional, privacy, security and trust requirements. Patientdriven healthcare social network sites are gaining popularity as a forum to share information on personal Health related issues. All the existing recommendation approaches can be used to provide healthcare recommendations. However, collaborative filtering has emerged as a popular approach.
However, the approaches lack the incorporation of contextual information.
Conclusion and Future Work
In this paper we have contributed a comprehensive literature in the field of HealthcareRecommender Systems. We provided background in the field Recommender Systems, motivating the work and outlining the limitations of existing approaches. We have also outlined the existing recommendation approaches in healthcare Recommender Systems. We conclude that the application of Recommender Systems in healthcare is varied and gradually evolving. The incorporation of contextual information is limited althoughit has been acknowledged as crucial to the recommendation process.
Based on the evidence presented, we propose a future research agenda of developing a taxonomy of and the incorporation of contextual information in healthcareRecommender Systems. It is also evident that privacy, security and trust concerns that is inherent in the traditional Recommender Systems needs to be addressed as well. 
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